By producing a train of absorption or dispersion signals (continuous-wave magnetic resonance) or free induction decays (pulsed magnetic resonance) it is possible to save time in spin-lattice relaxation measurements due to the fact that it is not necessary to wait fer equilibrium magnetization before initiating the train. The relaxation time may be calculated from the train according to a simple rapidly converging iteration.
INTRODUCTION
A PERIODIC train of magnetic field passages through resonance, or a periodic train of rf pulses at resonance produce, respectively, a corresponding train of absorption (or dispersion) signals or free induction decays, illustrated in Fig. 1 ; these may be analyzed to yield the spin-lattice relaxation time Tl.l Methods and apparatus for accomplishing such experiments have been discussed for cw NMR,!·2 cw EPR,3 and pulsed NMR.4 It is the purpose of this paper to show that it is not necessary to wait for equilibrium of the spin system before initiating such a train of signals, and the resulting time saving may be considerable if Tl is large.
I. THEORY
Following Look and Locker,! let T be the time between successive signals in the train and let M" + and M n -be, respectively, the magnetization along the magnetic field before and after the nth passage (or pulse). Furthermore, define the fraction of saturation, X, due to a passage (or pulse) by
where X = 2 would correspond to an adiabatic reversal or 180 0 pulse. Assuming that between successive passages M relaxes exponentially we have
where M eq-is the equilibrium magnetization. (2),
The observed signal M" will be proportional to M" -so we can drop the superscripts and rewrite Eq. (3) as
Mter many passages, the magnetization reaches a constant value Moo given by Eq. (4) as
and, thus, 
Moo(1-X) =Meq[(1-e-T / T1 )/ (l-e S )]e S e T / T J, (10)
and thus, by Eq. Then, from Eqs. (8c) and (11), (12) which can be solved for Tl using the experimental parameters, T and T, those given by the data, Moo and M o, and the calculated slope S of an In(M n-Mco) vs n plot.
II. ITERATION
It is generally more convenient to solve Eq. (12) iteratively if T'i2:, T 1 since the second term in square brackets is clearly a corrective term which is small when T is large, making M 0 close to M eq. Thus, defining the successive approximations to T 1 as T 1 (1), T 1 (2), T 1 (3) ... , we cyclically solve
The convergence is generally quite rapid. (7)""2.48 sec; thus, after seven iterations the T I value was less than 1% low and the data accumulation time was only about one fourth that normally required. Although in the above examples the Tl measurement time would not be long by any method, it is apparent that if it is expected to be long, due to a large T 1 , the method described in this paper has significant advantages since it is not necessary to wait for spin system equilibrium before taking data. The iterations are easily programmed on a computer. 6
